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Abstract 
Natural daylight is desirable in locations where winter days are short. With narrow front and long depth, interiors of row houses 
tend to be dark, as natural light cannot penetrate to the central portion of the house. This study examines the potential benefits 
and drawbacks of internal courtyards in houses in the cold climate and the implications of such design on the energy performance 
and natural light, while creating better space quality and adding to occupants’ delight, health and wellbeing. Focused in a Toronto 
setting, the main goals of this research project are to understand variables that affect the energy performance of row houses with 
internal courtyards, the influence of an internal courtyard in the hours of illuminance and to develop performance and design 
information applied for new construction and retrofits of existing row houses. The simulations showed that the window to wall 
ratio doesn’t have major influence on the hours of daylight inside the house. The main results also show significant improvement 
of the hours of illuminance in the interior, with higher increases in the shorter days of the year when light is more needed. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
Inherently, the row house archetype implies lower energy consumption as a result of sharing interior walls and by
having less exposed surfaces. In a northern city like Toronto (43.7° N, 79.4° W), most of the newly built and 
retrofitted row houses only get good use of natural light close to the front and back windows, making the centre of 
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the house a dark spot throughout the day. Exposure to the sun is highly sought in places where winter days are short. 
Numerous studies have shown that people are impacted by daylight, showing improvements in the work 
performance and helping recovery from illness. Students in classrooms with natural light had shown better 
performance than those in poorly lit ones [1]. Although not common in Canada, in densely populated cities like 
Toronto the internal courtyard in row houses can positively affect occupants’ wellbeing by offering an accessible 
protected exterior space while improving the light in the interior.  
Compared to single detached urban homes, row houses offer higher construction density [2]. The nature of the 
row house offers less exposed surfaces, reducing the overall heat losses, especially in the middle units. The 
International Energy Agency found that a townhouse can actually reduce up to 68% of energy compared to a detach 
house depending on the location [3]. The row house typology was brought to North America by British migration, 
and by 1830's it had become common archetype in Toronto [4]. 
Internal courtyards have been used in warm climates, but their residential use in cold climate regions has been 
limited. In cold climates the effect of wind is usually a major concern and courtyards between houses could be used 
as a protection, to create pockets of solar gains, balance the harshness of the cold winter [5,6] and extend the 
outdoor season in locations with predominantly cold days [6]. An internal courtyard also generates a microclimate, 
where increased average temperatures and shelter from winds reduce the heat loss of the buildings surrounding it 
[7]. The courtyards also have become a feature for high performance houses, such as Norway’s The Zero Emission 
Buildings Multi-Comfort House, built in 2014 [8]. In addition, internal courtyards also deliver better performance 
regarding noise reduction compared with other protected outdoor spaces. This is particularly important when passive 
ventilation strategies are planned, as to ventilate the space, opening windows are expected. Rooms facing courtyards 
can also benefit from reduction of exterior noise, such as street traffic [9]. It has being found that the best 
performance obtained in the summer and winter for colder climates is to be a one-story internal courtyard [10]. For 
locations like The Netherlands it has been found a reduction of the heating demand when the buildings have a 
courtyard covered by a glass roof in the winter, and if it is open in the summer, a reduction in the indoor operative 
temperature, and consequently a reduction in the number of discomfort hours [11].  
Assuming an architectural value to the internal courtyard, this study aims to understand the implications of such 
design on the energy performance and natural light. It also tries to find the optimal configuration of a courtyard in a 
row house considering the energy performance and daylight improvement and electrical consumption. 
2. Methodology
In order to understand the impact of an internal courtyard on the illuminance and the energy use in a row house 
four different courtyard footprints with four window to wall configurations on each wall are analysed. This process 
is repeated with positioning the house and the internal courtyard oriented to the North, South, East and West 
[Fig.2(c)]. A total of 64 iterations of houses with courtyards and four base cases are used in this research. The 
analysis will be based on an existing property located in Toronto, originally built in 1889 and fully renovated in 
2010 [Fig.1]. The size and massing of this retrofit correspond to the recommended settings for an internal courtyard 
located in a cold climate found in literature: one story high and located in the middle of the row house. The sensors 
are set according to the minimum recommended values of 100 lux, the minimum level to walk safely, as per CIBSE 
and IESNA standards [12]. To understand the influence of an internal courtyard on the energy performance and 
hours of illuminance in a row house located in Toronto, the following variables are included in the analysis:  
• Hours of illuminance – Incoming natural light in the middle of the house (hours).
• Natural Gas – Heating energy demand (ekWh).
• Electricity – Cooling energy demand and energy used by lights, appliances and plug loads (kWh/m2).
• Configuration - Form of the courtyard plan (1:1.5, 1:1, 1:2 and 2:1).
• Window to wall ratio on the courtyard walls.
• Orientation of the property and the internal courtyard (South, East, North and West).
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Fig. 1. (a) Modeled house plans; (b) Four internal courtyards with four window to wall ratios each; (c) Four orientations modeled showing the 
location of the illuminance sensor 
 
 
 
Each courtyard plan configuration has a similar window pattern that follows standardized window parameters. 
Each courtyard has 4 different window to wall ratios and as each courtyard has different size, the final window to 
wall ratios (WWR) differ. However, the elevations can be grouped within ranges: for elevations A 73%-100%, 
elevations B 55%-65%, elevations C 36%-42%, and for elevations D 20%-34% [Fig.1(b)]. EnergyPlus was used to 
simulate the options due to its accuracy, flexibility and high level of input detail. OpenStudio plugin for SketchUp 
was used to model the 3D buildings. The parameters used in the simulation comply with the minimum requirements 
of the Ontario Building Code and Supplementary Standard SB-12 required for 2014 in the province of Ontario, 
Canada [13].  
2.1. Priority scales 
Defining the optimal configuration of an internal courtyard is directly related to the importance that each 
parameter is given. To find optimal configurations a set of 6 priorities is established according to the value that each 
parameter is given [Table 1]. It is important to clarify that the only system in the house only that uses natural gas for 
the heating system, while the outcome of the electrical use includes all the appliances, domestic hot water lights and 
fans in the house.  
 
Table 1. Priority scales used to find the optimal configuration according to multiple combined approaches. 
Priority Scale 1 Priority Scale 2 Priority Scale 3 Priority Scale 4 Priority Scale 5 Priority Scale 6 
ILLUMINANCE  best 8 ILLUMINANCE best 8 NATURAL GAS best 8 NATURAL GAS best 8 ELECTRICITY   best 8 ELECTRICITY   best 8
NATURAL GAS  best 4 ELECTRICITY   best 4 ELECTRICITY   best 4 ILLUMINANCE best 4 NATURAL GAS best 4 ILLUMINANCE best 4
ELECTRICITY    best 2 NATURAL GAS best 2 ILLUMINANCE best 2 ELECTRICITY   best 2 ILLUMINANCE best 2 NATURAL GAS best 2
3. Results and discussions 
Under the boundary conditions established, fifty six options show significant improvement on the amount of 
time of the light in the middle of the floor plan, which is usually much darker [Fig.2(b)]. As expected, most of the 
smaller sized courtyards are located within the group using less energy while the options with larger courtyards are 
more distributed on the higher energy use side. The row houses with courtyards simulated in this study use between 
13% and 36% more energy than their base cases without courtyards [Fig.2(a)].  
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Fig. 2. (a) Energy use increase; (b) Illuminance time increase 
Within the ones that showed improvement in illuminance levels, the general trend shows that the months with 
shorter days have a higher increase in daylight hours compared to the months where the days are longer [Fig.3]. This 
means that the days when light is more desired, the internal courtyard offers better results. For example, the best 
performer shows that in winter days the hours of illuminance above 100 lux are reached around 8.15AM, when a 
row house without one start getting those hours of illuminance around 9AM. On the afternoon the light extends from 
3PM to 4PM [Table 2].  
Table 2. Courtyard WEST 1-A results. Comparison with the bases case without the internal courtyard showing the time of the day that the 
illuminance reaches 100 lux in the sensor. 
 Sunset/Sunrise No Courtyard Courtyard WEST 1-A 
December 15th 7:44hs/16:41hs (Total 8.9hs) 9:02hs/15:02hs (Total 5.64hs) 8:15hs/16.12hs (Total 7.93hs) 
June 15th 4:35hs/20:01hs (Total 15.4hs) 5:38hs/19:00hs (Total 13.3hs) 4:51hs/19:45hs (Total 14.9hs) 
September 15th 5:57hs/18:28hs (Total 12.5hs) 6:46hs/17:26hs (Total 10.7hs) 6:02hs/18:11hs (Total 12.3hs) 
 
Eight options show no improvement at all in the amount of illuminance hours. When using courtyard 3 the 
illuminance hours show no difference from the base cases on the options with WWR below 42%. If the 
improvement of the light is the main goal, the C and D configurations in courtyard 3 are not recommended to be 
used as they don’t provide any improvement in the amount of hours of illuminance over 100 lux. When including 
courtyard 3 in a row house only higher WWR should be used if it is expected to improve the light inside the house.  
 
 
 
Fig. 3. Illuminance hours increase compared to their base cases. On a monthly basis the increased hours in the colder months shows to be higher 
than in the warmer ones. This is observed across the board, both with good and bad performers.. 
3.1. Optimal configurations 
To find an optimal configuration the energy performance and daylight values are combined, but the best results 
from one outcome has shown not to be the best for the other. For example, analysing the group of the best 
performers regarding illuminance, the increment of light shows that the best case for the courtyards 1 West improves 
20% in hours of light while increasing 31.2% energy use. The results also show that while there are minor 
Ϭ
ϮϬ
ϰϬ
ϲϬ
ϴϬ
ϭϬϬ
:ĂŶƵĂƌǇ &ĞďƌƵĂƌǇ DĂƌĐŚ Ɖƌŝů DĂǇ :ƵŶĞ :ƵůǇ ƵŐƵƐƚ ^ĞƉƚĞŵďĞƌ KĐƚŽďĞƌ EŽǀĞŵďĞƌ ĞĐĞŵďĞƌ
΀Ś
ƌƐ΁
 D
Žƌ
Ğ Ś
ŽƵ
ƌƐ
ƚŚ
ĂŶ

 ƚŚ
Ğŝƌ
 ďĂ
ƐĞ
 ĐĂ
ƐĞ

t^dŽƵƌƚǇĂƌĚϭͲ EKZd,ŽƵƌƚǇĂƌĚϭͲ ^Khd,ŽƵƌƚǇĂƌĚϰͲ EKZd,ŽƵƌƚǇĂƌĚϯͲ
 Germán Vaisman and Miljana Horvat /  Energy Procedia  78 ( 2015 )  1799 – 1804 1803
differences in the hours of illuminance within the group 1 West, the energy performance show significant reductions 
[Fig.4]. For low energy consumption it is recommended to design internal courtyards with WWR ranging from 20% 
to 42%. 
 
 
 
 
Fig. 4. Courtyards 1 WEST showing the increase in the illuminance compared to the increase in the energy use; Fig. 5 Four options resulting as 
first and second runner in most of the priority scales.  
 
To maximize the combined benefit of low energy use and improvement illuminance, the best performers are 
shown to be 2-D (large squared courtyard with the lowest WWR) and 1-D (large rectangular courtyard with the 
lowest WWR) oriented to the East and West [Fig.5]. Both show the best combination of illuminance increases and 
energy use in all orientations, ranging from 14.7% to 18.4% increase of hours of light, while having an increase in 
the energy consumption between 16.1% to 19.5%. The South oriented options show an overall higher energy use 
and do not show the best performance for illuminance hours increase either. But further analysis should be 
conducted to understand the values on a monthly basis, to consider the moments of the year when light is more 
sought. The East and West orientations show highest hours of illuminance compared to the South and North 
orientations. But further analysis on a monthly basis should be conducted to verify if that increment is beneficial. 
According to the six priority scales established, courtyards 2-D, 1-D, 4-C and 4-D tend to be the best group of 
options to be used for any orientation [Fig.5(b)]. 
 
 
 
Fig. 5. (a) The four options considered optimal according to the priority scales compared between the illuminance hours increase and the energy 
use increase, considering all the orientations 
4. Conclusions 
The row houses with internal courtyards can improve the illuminance hours between 9% and 20%, providing a 
viable option when seeking an increase in the amount of light reaching the interior of the row house. During the 
colder months when the days are shorter, the internal courtyard shows to provide a good response for row houses 
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located in Toronto. The months with shorter days show higher increments of hours than the warmer months 
understanding that the internal courtyard provides an even better response when the light is more needed indoors. 
The options with largest courtyard footprints will result in better illuminance hours with small differences on the 
energy use increase. Window to wall ratios have an important influence in the energy load while not as much in 
reaching the illuminance level of 100 lux. Further study will look at identifying this influence at the higher 
illuminance levels. A WWR between 20% to 42% is recommended to reduce the energy consumption while 
maintaining similar illuminance increments. As expected, the energy loads in the options with internal courtyards 
increases between 13% and 36% more on heating and cooling compared to a row house without one. And lastly, 
four options appear as best and second run in the priority scales showing to be ones performing better when 
combining illuminance improvement and energy use. 
5. Recommended work for the future 
Further analyses should be conducted to understand the distribution of the light throughout the house and the 
contrasts generated according to the time of the day. Passive solar strategies should be considered to improve the 
energy performance. High-performance windows and assemblies with better insulation values could reduce heat 
losses and improve energy performance in winter. Following existing research from the Netherlands [11], the 
combination of an open courtyard in the summer and an enclosed one in the winter could be considered in future 
research as a way to optimize the potential benefits of a greenhouse in the winter and cross ventilation in the 
summer. 
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